Abstract. The types and sources of energy used by households in Sub-Saharan Africa as well as the factors influencing the choice of energy vary from one geographical location to another. This study analyzed household energy demand and supply in Bukuru ward of Jos South in Plateau State, Nigeria. A total of three hundred and ninety seven questionnaire were administered in four units of the ward using stratified and multi-stage sampling techniques. The data were analyzed using descriptive and inferential statistics. Results showed that there is spatial variation in the types of energy used by households in the area. However, 36% of the respondents use gas, 28% use kerosene, 16% use fuelwood, 12% use electricity and charcoal was the least with 8%. These types of energy are obtained from various sources such as filling station, authorized and unauthorized vendors, and farmlands. The major problems of household energy supply were scarcity and cost. The regression analysis showed that the major factors influencing the choice of energy in the area were household size (-0.401), distance (0.996), level of education (0.743), occupation (-0.137) and cost (-0.251). Household size, cost and occupation affected the choice of energy negatively while distance to the point of purchase, and level of education affected the energy choice positively with distance being the highest factor. It was recommended that steady electricity supply should be made available by government, and residents of the area should be educated on health and environmental problems associated with energy use.
INTRODUCTION
Energy is essential for meeting the basic needs of individuals and can therefore be regarded as a prerequisite for good health (Mwewa and Shabbir, 2011) . Energy is an indispensable force driving all economic activities. Therefore, increased energy consumption results into more economic activities and consequently economic growth.
Energy is a basic need for household activities such as cooking, heating and lighting. However, fuelwood and fossil fuels remain the dominant sources of household energy in developing economies, thereby generating high concentration of greenhouse gases resulting to climate change. According to the International Energy Agency (2006) , about 70% of rural households in Sub-Saharan Africa rely on fuelwood, charcoal, kerosene or wood wastes, and other biomass products in order to meet their household energy needs. It is estimated that less than 10 percent of households in Ghana make use of liquified petroleum gas in cooking as their primary source of fuel, while so many households remain heavily dependant on biomass energy (Justice and George, 2013) . In Nigeria, fuelwood contributes over 70% of total energy used by households (Iwayemi, 2008) .
In spite of the fact that Nigeria has enormous renewable and non renewable primary energy sources, there is the problem of inadequate quantity, poor quality and low access which continue to affect household energy supply in the country (Al-Amin, 2014) . According to Takama et al. (2011) , there is a large disparity in energy consumption between urban and rural households, between low and high income earners; within a region, country and even among countries. In rural areas of Nigeria, shortage of energy is a problem in such a way that electricity and other conventional sources of energy are either lacking or in insufficient.
A review of literature revealed that the major sources of energy used for household purposes in Africa and India are fossil fuels, Liquified Petroleum Gas and Kerosene, biomass (Fuelwood, Charcoal) and electricity (Druckman and Jakson, 2008; Guptilla and Kohlin, 2003; Jayaraj et al., 2011; Justice and George, 2013) .
Previous studies have been carried out to analyze factors influencing the demand and supply of household energy in many states of Nigeria (Shittu, 2004; Anyiro, 2013 Bukuru is a ward in Jos South Local Government area of Plateau state. The area which is developing rapidly is predominantly occupied by farmers and low income earners. This study therefore intends to identify types and sources of household energy in the area, and also determine the factors influencing the choice of household energy by residents in the area. The objective is to provide information for policy makers and stakeholders in the energy sector.
MATERIALS AND METHODS

Study Area
Jos is found in northcentral Nigeria ( Figure 1 ). Bukuru is located in the southern part of Jos Plateau (Figure 2 ) which lies in the Benue Lowlands extending towards the River Benue flood plain. Bukuru metropolis which is the study area, lies between latitudes 8°50'N and 9°00'N and longitude 9°45'E and 9°50'E as shown in Figure 3 . It has an average elevation of about 1,150m above mean sea level and the highs peak some 20Km eastward from Jos-Shere hill, rising to 1,777m above mean sea level (Jiya and Musa, 2011) .
The area is characterized by a tropical climate. According to Koppens climate classification, it is Aw. The average temperature is about 27°C with a mean annual rainfall of about 1,139mm. Bukuru has a tropical ferruginous soil with sizeable packets of loamy soil even though soil erosion is a major environmental problem due to the mining activities in the area. The vegetation of the area falls largely within the northern guinea savannah zone which consists mainly of short trees and grasses (Online Nigeria, 2015) .
Recently, the area has experienced tremendous urban growth with development of banks, hotels and recreation centres. It boasts of the only independent power company in Plateau State known as the Nigerian Electricity Supply Company (NESCO). It is also the home of one of the most successful industries in Nigeria which is the Grand Cereals and Oil Mills, a subsidiary of the United African Company (UAC). The area like other parts of the state is characterised by night clubs and entertainment centres which propel other businesses by enhancing nightlife and providing the essential needs of night crawlers. Several hospitals and schools both government and private owned are found in the area. The area also boasts of one of the major markets on the Plateau (Jiya and Musa, 2011) .
Types and Sources of Data
The data utilized for this study were obtained from primary and secondary sources. The primary data was obtained by the use of a structured questionnaire based on the objective of the study. The questionnaire obtained information on the socioeconomic characteristics of the respondents, the types and sources of household energy in the area, the cost of household energy expenditure, and the problems encountered in accessing the households energy choice.
Sampling Technique
As earlier stated, Bukuru metropolis of Jos South LGA of Plateau state has a population of about 15,540. Sloven's formula for calculating sample size was used in determining the sample size as shown Therefore, a sample size of 390 respondents was selected using random sampling. This is a basic sampling method and is regarded as an unbiased representation of a group; each individual is chosen randomly and entirely by chance in each strata. This random sampling was achieved through a multistage sampling whereby the sampling area was initially stratified into four areas to serve as representatives for Bukuru ward, and the areas are: Angwan Kere, Gero, Gyel and Rayfield. The second stage involved the stratified random selection of ninety seven (97) households in these areas. This was done by administering the questionnaire after every third (3) house till a total of 97 households were sampled in an area and this was done for all four (4) areas making a total of 388 households. Two random households from any of the areas was administered the questionnaire in order to make it up to three hundred and ninety (390) households. Respondents were served the questionnaire to respond to and at the end the distributed questionnaire were retrieved.
Data Analysis
In order to achieve the objectives of the study, the data were analyzed using descriptive and inferential statistics. Multiple linear regression was used to examine which socioeconomic factors have significant influence on the demand of energy in the area. This method was used to assess the association between two or more independent variables and a single continuous dependent variable. The multiple linear regression equation is as follows:
Where: Y is the predicted or expected value of the dependent variable ; β 0 is the value of Y when the independent variables is equal to zero; β 1 through β p are the estimated regression coefficients; X 1 through X p are p distinct independent or predictor variables and for this analysis are:
For this study, the X values are: X 1 = Household Size, X 2 = Occupation, X 3 = Education, X 4 = Income, X 5 = Distance, X 6 = Cost, X 7 = Supply For this analysis, the energy types are the dependent variables while the socioeconomic factors (household size, income, level of education, supply, cost, distance and occupation) are the independent variable. Table 1 shows the distribution of the respondent's socio-economic characteristics. It was observed that 68% of the people surveyed were females and 32% were males. A greater percentage of the respondents were aged below 30 years (60%) while age groups of 40-50 years and 50 years and above were the lowest with 4% each. 60% of the respondents were married and 40% single with no one divorced or widowed. This is an indication that most of the households were married. Majority of the household has a size of 1-5members (68%) while households with more than ten (10) members constitute the least with only 4%. This implies that most households in the area are not large in number.
RESULTS AND DISCUSSIONS
Socio-economic Characteristics of the Respondents
Most of the households surveyed were selfemployed (about 35%), 33.4% are civil servants and only 1% were farmers. The high percentage of selfemployed respondents was expected because the area is a business area with a high number of shops and a major market while the fact that the area is an urban area explains the high percentage of civil servants. The fact that only 1% of the respondents are farmers confirms the rapid level of urbanization in the area. Findings also revealed that 66% of the respondents have tertiary education, 30% have attended secondary school, and 4% have other forms of education. This suggests that Buruku is a literate society.
The table also revealed that about 50% of the households have a monthly income above N20,000, while 18% earned N6,000 -N10,000, and about 15% earn N11,000 -N15,000, the result indicates that most of the households in the study area are middle income earners although majority of them are civil servants or self employed.
Household Energy Demand in Bukuru Ward
Household Energy Types in Bukuru
The types of energy used by household in the area are charcoal, fuelwood, kerosene, gas and electricity. The household choices of energy types are presented in Table 2 and the reasons for these choices are presented in Figures 4 and 5. Results showed that charcoal, fuelwood, kerosene, gas and electricity are the major types of energy used in the area. Further analysis of the result gathered from the respondents indicated that gas is the predominant household energy used in the area constituting about 36% of the total household energy demand in the area. This followed by the use of kerosene (28%). Charcoal was the least used energy type in the study area making up 8%. This could be attributed to the fact that most people do not consider the use of charcoal very safe based on the reasons given as shown in Figure 4 .
There are spatial variations in the energy use across Bukuru ward, in the Rayfield area which is like a Government Reserved Area and the Gero area, highest use of gas was reported, and this is due to the fact that the people there are mostly civil servants and are educated so consider gas to be more efficient and safe. Conversely, in Angwan Kere and Gyel areas, the use of kerosene and-charcoal were preferred because it is cheaper. This correlates with the findings of Oyelade and Ihuma (2013) in Jos-North Local Governement of the state where fuelwood and charcoal were reported to be the most used energy types while gas was the least used in the area. In fact, they concluded based on their study that charcoal and fuelwood will continue to be the main primary energy sources for many households and dominate the energy sector in the area. Moreover, the high level of gas consumption as reported in part of Bukuru Ward of Jos South Local Government contradicts the low level of gas consumption in Jos-North Local Governement, this may be due to the fact that most of the residents in the former are middle income earners while those in the latter are low income earners as observed by Oyelade and Ihuma (2013) . There are various reasons that influence the choice of energy used by households in the area as shown in Figures 4 and 5. It was found that about 33% of the households use gas because of the easy access; and because of safety according to about 44% of them. Also, the low number of people that use electricity as a primary source of energy was expected because of the inconsistent power supply in the area as indicated by the respondents. This is similar to the finding of a research carried out by Adepoju and Oyekale (2012) which stated that the reason why a low number of households use of electricity as a primary source of energy was attributed to the erratic supply. In addition, the high percentage of people who chose kerosene as their preferred primary energy and the second most used energy type in the area is in line with the findings of Fidelis et al. (2014) , which stated that kerosene was mostly consumed by households due to easy accessibility; and that most households in Nigeria use it for cooking through kerosene stoves and for lighting via kerosene lanterns. It was observed that the two major reasons why people change when there is an increase in the price of their primary energy type is scarcity and cost while the major reasons why people do not change are health, safety and preference.
Results of the field survey indicated that about 80% of electricity are not likely to switch to other types of energy, and 56% of gas users sometimes switch to kerosene due to scarcity, while 75% of fuelwood users have the highest probability of switching to other types of energy such as charcoal and kerosene principally due to increasing cost or scarcity. This is consistent with that of Gundimeda and Kohlin (2003) who discovered that firewood scarcity near urban areas accompanied by rising prices result into switching from firewood to charcoal and vice versa.
It was also found that 73% of charcoal users switch to fuelwood with increase in price. This is understandable since fuelwood is relatively cheaper when compared to other energy types.
Household Energy Supply in Bukuru Ward
Sources of Household Energy in Bukuru
The types of energy used by households in the area are supplied from various sources. Results showed that more than 50% of fuelwood is sourced from both authorized and unauthorized vendors, and about 9% is obtained from individuals' farmlands. It is uncertain where households who don't buy their fuelwood source it from. It could be from illegal logging. In addition, a larger proportion of charcoal users (50%) do not buy it but it is being processed locally, about 43% of the charcoal users buy it from the market or major dealers, and only about 7% buy it from private dealers who are mostly retailers that sell at home. Most of the households surveyed who make use of kerosene either buy it from filling station or an authorized dealer/market.
The survey also showed that about 56% of gas users get it from authorized dealers/market, 22% of the users buy it from filling station, and only about 11% buy from unauthorized private dealers. This suggests that gas is available from authorized dealers at the government approved price and hence is a possible reason why the bulk of the household surveyed use gas as their primary energy. All the respondents who chose electricity as their primary energy source get it from the authorized dealer. This is expected as it is wrong and punishable under the law to make an illegal connection; except for those who make use of generators. However it might also imply that they do not use generators and probably use other sources of energy during power outages.
Moreover, results showed that the highest problem of supply as reported by 57% of kerosene users is rising cost, and scarcity according to 43% of the respondents. This corroborate with the findings of Adepoju et al. (2012) that although the Nigerian government sometimes put in place distribution mechanisms that ensured availability of kerosene, there had been some perennial scarcity and product adulterations.
About 21% of the people who use charcoal mentioned accessibility as their problem of supply while about 18% stated scarcity of charcoal as the problem of supply. Besides, 26% of the people who use fuelwood have problems with accessibility. About 33% of the people who use gas also have problem of accessibility while about 22% see scarcity and cost as their main problems of supply. The entire households surveyed who use electricity as their primary energy type have problems of erratic power supply. This is also consistent with the findings of Adepoju et al. (2012) who mentioned irregular power supply as a problem of electricity. He further added that consistent power supply is only enjoyed by the rich who can afford to run generators. The overall problem of supply is shown in Figure 6. 
Factors Influencing the Choice of Household Energy in the Study Area
The regression analysis was carried out to identify the variables that significantly affect energy choices of household. The results are presented in Tables 3, 4 , and 5. The R value was 0.745 indicating a strong level of prediction and R 2 = 0.555 indicating that our independent variable explains only about 55.5% of the variability of our dependent variable. The remaining 44.5% can be explained by factors not in the model. The F-test (47.990) is highly significant, thus we can assume that there is a linear relationship between the variables in our model. The coefficient for household size (-0.401) is significantly different from 0 because its p-value is 0.000, which is smaller than 0.05. o
The coefficient for occupation (-0.137 ) is significantly different from 0 because its p-value is 0.001, which is smaller than 0.05.
o
The coefficient for education (0.743) is significantly different from 0 because its p-value is 0.001 which is smaller than 0.05. o
The coefficient for income (0.021) is not statistically significant because its p-value of 0.544 is greater than 0.05. o
The coefficient for distance (0.996) is significantly different from 0 because its p-value is 0.000 which is smaller than 0.05. o
The coefficient for cost (-0.251) is significantly different from 0 because its p-value is 0.003 which is smaller than 0.05.
The coefficient for supply (-0.055) is not significantly different from 0 because its p-value is 0.459 which is greater than 0.05. o
The intercept is significantly different from 0 at the 0.05 alpha level.
Beta expresses the relative importance of each independent variable in standardized terms. Table 3 showed that the coefficients of Household size, occupation and cost were negative showing that increase in these factors will negatively affect the choice of energy. From coefficient values, it means that for example, for each unit increase in household size (i.e. an addition of one person), there is a decrease in likelihood of the choice a households energy of about 0.401. For each unit increase in cost of an energy type, there is a 0.251 decrease in the likelihood of a household choosing that energy type. The implication of this is that, the larger the household size, the lesser the number of households who will use the energy type and the higher the cost of an energy type, the lesser the number of households who will use it. This is understandable for polygamous households as they will tend towards cheaper sources of energy. In the case of supply, for every increase in the difficulty of supply, there will be a 0.055 unit decrease in the likelihood of a household choosing an energy type. The negative coefficient value in the case of Occupation shows that the type of job people do affects their choice as it affects their level of income. Hence, with an increase in occupational status, households will show a reduced likelihood of 0.137units of choosing an energy type. This is easy to understand when you take a scenario where a household uses fuelwood and experienced occupational status advancement. The expected result will be a reduced likelihood of using fuelwood and an increased likelihood of choosing kerosene or gas. From the results in table 4.6 below, we find that only education, distance are significant positive factors and Distance has a higher impact than education (Education beta = 0.743 and Distance beta = 0.996).
Therefore, the major factors that positively affect the choice of energy significantly in the study area from the seven (7) factors used are distance, education and income. This is contrary to the findings of Akwa et al. (2013) who discovered from their study on fuelwood consumption in Akwanga Local Government of Nasarawa state in Nigeria, that income and educational status were negatively related to fuelwood consumption while household size showed a positive relationship with fuelwood utilization. Adepoju et al. (2012) found in their study that mode of transportation greatly affected the choice of energy positively and this is consistent with the findings of this study where distance was a major factor in determining the choice of energy. This signifies that people would go for energy types whose points of purchase are trekable and not far from their homes.
Problems Associated with Various Types of Household Energy Used in the Area
The responses from the questionnaire revealed that all those who use fuelwood among the respondents are aware of some of the health challenges as shown in Table 6 and 7. Breathing problem was discovered to be the major health problem affecting the households associated with the use of fuelwood. Asthma and eye problem were also indicated as problems from the use of fuelwood. This result is in line with the finding of Sule et al. (2014) who reported that that residents of the Pampaida Millennium Village in Kaduna state experience health related problems such as body pain, eye infections, chronic cough, and catarrh from fuelwood consumption.
In addition, half of the respondents who use charcoal are unaware of the health challenge caused by the use of this type of energy. This isn't surprising as some people tend to see it as a safe energy type for cooking since it doesn't smoke as much as fuelwood. Out of the about 36% who are aware of the health problems caused by charcoal, 60% indicated breathing problems as the major health effects, while 30% indicated asthma as the main problem in the area.
It was also found that about 79% of the households who use kerosene are unaware of the health problems caused by it as shown in Table 6 . About 57% and 43% of the 21% who indicated that they are aware of the health problem indicated Asthma and Breathing as the major health challenges respectively. This is shown in Table 7 . It was also observed that about 67% of the users of gas among the respondents are aware of the health problems associated with it. Asthma was the only health challenge associated with the use of gas as it triggers it but doesn't actually cause it. In the case of electricity, 71% indicated that they are aware of the health problems from electricity and they mentioned electrical shocking the only health problem the users are aware of. Figure 7 illustrated that Asthma is either the major health problem experienced in the area or the major health energy problem the respondents are aware of, while Eye problem was the least. The low number of eye problem is not surprising as the percentage of households who use charcoal and fuelwood is low. 
CONCLUSIONS
The study result showed that gas was the predominant primary source of energy in the study area especially in the Gero and Rayfield areas, implying that the residents of the area use a relatively cleaner and safe source of energy and there is reduced pollution via burning of wood as charcoal and fuelwood formed the least used source of energy. The major point of purchase of energy was observed to be from authorized dealers and market. This shows that to a good extent, residents (especially those who use gas and kerosene) purchase their energy at government approved price. Scarcity and cost were identified as the major problems of supply implying that there are periods where these sources of energy are scarce and hence lead to a hike in price or the government increase the price of these energy types. The use of electricity was low in the area and this was attributed to the erratic power supply in the area. Respondents identified asthma and breathing problem as the major health problem in the area associated with energy.
Recommendations
The result showed that households are not really aware of the environmental problems associated with energy use, hence households should be further enlightened on the health and environmental problems posed by each of the types of household energy so as to help them become more informed and make better choices. Also, efforts should be made by the government to make available steady electricity supply in the area.
